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CROSS REFERENCE TO RELATED APPLICATION 

This application is based on and incorporates herein by- 
reference Japanese Patent Application No, 2000-362601 filed on 
November 29, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to an engine starting 
system for a vehicle that, is operated by a high voltage power 
source to effectively compensate for the power consumed by a 
starter. Additionally, the invention provides a starting 
system for a vehicle equipped with an automatic stop and start 
system that effectively shortens a vehicle engine restarting 
time. 

2. Description of Related Art: 

Generally, in a conventional vehicle, a starter is driven 
by a single power source. However, in recent years it has been 
discovered that as the electric load of a vehicle increases, a 
high voltage power source having an excellent energy recovery 
efficiency may be mounted in the vehicle in addition to the 
existing power source. 

Electric starters on engines experience comparatively 
large electric power consumption amounts because they begin 
the rotation of the engine from a standstill. That is, engines 
have a high resistance to rotation or a large initial 



rotational inertia. The electric power consumed by the starter 



is compensated for by the electrical power generated by an 
engine driven generator. 

Here, a charging efficiency is higher in the case where a 
5 high voltage power source is charged to a predetermined high 
voltage than in the case where the existing power source (low 
voltage power source) is charged to a predetermined low 
voltage. For this reason, when the starter consumes electric 
power from the high voltage power source having high charging 
10 efficiency, the consumed electric power can be compensated for 
# more effectively. 

M3- Additionally, in order to improve the fuel consumption of 

?;vst j;. 

the vehicle and to reduce exhaust gases, an automatic engine 

** :! stop (idling stop) and start system, in which the engine is 

% 

|Ji5 stopped while the automobile is stopped, has been instituted in 

fll 

h) recent years. This automatic engine stop and start system 
}*& comprises monitoring the following: a vehicle speed, an 

accelerator opening amount, the state of a brake, and the like. 

Additionally, when the vehicle stops, the engine stops, and 
20 when the brake is released, the starter begins to start the 

engine, thereby starting the vehicle. 

In the engine automatic stop and start system, an engine 

starting time range is required for starting the vehicle. For 

instance, in the situation when the vehicle waits at a traffic 
25 signal, the National Police Agency presented a report that if 

the time between waiting at a signal and starting the vehicle 

was long, it was predicted that traffic congestion would occur 
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in urban areas where there is a large number of vehicles. 
Therefore, if the engine's automatic stop and start system 
takes a long starting time to start the vehicle when the 
vehicle is waiting at a signal, the engine automatic stop and 
5 start system itself may be regulated by law. Therefore, it is 
urgently necessary to shorten an engine's starting time. 



SUMMARY OF THE INVENTION 
The present invention has been made in view of the above 
10 circumstances. The first object of the present invention is to 
€1 provide a starting system for a vehicle that is operated by a 

MS high voltage power source to effectively compensate for the 

O. ' 

^ij power consumed by the starter. The second object of the 

I f i; 

7' H present invention is to provide a starting system for a vehicle 
|j£ equipped with ah engine automatic stop and start system, that 

!* JI 

Lp will shorten a vehicle engine starting time. Therefore, when 
j*& the starter motor can be operated by a high voltage power 
source, the starter motor will be operated by the high voltage 
power source, and when the starter motor cannot be operated by 
20 the high voltage power source, it will be operated by a low 
voltage power source. In this manner, the frequency of 
operation of the starter motor by the high voltage power source 
having a higher charging efficiency is increased and hence 
electrical power consumed by the starter can be efficiently 

25 compensated. 

When a vehicle is started by an engine automatic stop and 
start system, the starter motor is operated by the high voltage 
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power source. At this time, the engine is already warmed up 
and can be driven at high speeds by the starter motor to which 
high voltage is applied. Since the engine is driven at high 
rotational speeds, the engine can be started in a short time. 
5 As a result, it is possible to shorten the time required for 
starting the vehicle when the vehicle is waiting at a traffic 
signal, thereby preventing vehicle occupant stress normally 
caused by a slow starting engine, and preventing traffic 
congestion caused by the engine automatic stop and start 
10 system. 

: J3 The control section of the engine automatic stop and 

to 

# start system may be mounted on an engine control unit which is 

15 

^i; provided separately from the starting control unit. The engine 

lj Fit 

1MM " ■ control unit may send a control signal to automatically stop 
5lf§ and start the engine according to the current state of the 

ij 

n *M|i 

Ilj vehicle governed by vehicle speed, braking force, and an 
accelerator position. When the starting control unit receives 
an automatic start signal from the engine control unit, it may 
switch the power source switching unit to the high voltage 

20 power source and pass an electric current through the starter 
motor. When a manually operated key switch is set at a starter 
position to start the engine, the power source switching unit 
may be switched to the low voltage power source. 

A starting system for a vehicle may further include a 

25 magnet switch for connecting or disconnecting a current passing 
circuit of the starter motor wherein a current passing circuit 
of a coil of the magnet switch includes a unit for suppressing 
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the amount of current passing through the coil. By providing 
the unit for suppressing the amount of current passing through 
the coil, the magnet switch slowly engages a contact. As a 
result, the magnet switch is prevented from bouncing against 
5 the contact and prevents an arc from being generated at the 
contact when high voltage is applied. Therefore, it is 
possible to prevent the contact of the magnet switch from being 
welded or broken thereby improving the reliability of the 
magnet switch* Further, since bouncing of the magnet switch is 
10 prevented, it is possible to prevent the occurrence of noises 

^ty.i-.-v - 

43 normally caused by bounces* 

Further areas of applicability of the present invention 

Til 

will become apparent from the detailed description provided 
T hereinafter. It should be understood that the detailed 

is ■' ■ 

\t$ description and specific examples, while indicating the 

3 jU:- 

Wl preferred embodiment of the invention, are intended for 
H l purposes of illustration only and are not intended to limit the 
scope of the invention. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with additional objectives, 
features and advantages thereof, will be best understood from 
the following description, the appended claims and the 
accompanying drawings in which: 
25 FIG. 1 is a first embodiment of a current passing circuit 

of a starting system for a vehicle; 

FIG. 2 is a flow chart showing the operation of the 

5 



starting control unit; and 

FIG. 3 is a second embodiment of a current passing 
circuit of a starting system for a vehicle. 



5 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be described 
with reference to the accompanying drawings . 
[ First embodiment ] 

FIG. 1 shows a current passing circuit of a vehicle 
10 starting system. A vehicle with this embodiment is mounted 
y|3 with a high voltage power source 2 (for example, a battery 
having a normal voltage of 3 6 volts (V)) having an excellent 
-Jf charging efficiency in addition to an existing low voltage 

■I jj-lj 

f ; power source 1 (for example, a battery having a normal voltage 
pi5 of 12V) . A starter 3 for starting an engine is provided with a 
yt| starter motor 4 for rotating the engine, a magnet switch 5 for 
M> turning on or off the starter motor 4 , and a change-over switch 
6 (corresponding to a power source switching unit) for 
switching the power source to pass a current through the 
20 starter motor 4. 

This first embodiment includes two current passing 
circuits as a circuit for passing current to the coil 5a 
(consisting of a pull-in coil and a holding coil) of the magnet 
switch 5. One current passing circuit is connected to the low 
25 voltage power source 1 via a key switch 7 and the first starter 
relay 8 . When the key switch 7 is connected to a starter 
terminal 7a, the coil 8a of the first starter relay 8 is 
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energized and turns on the first starter relay 8, which is a 
normally open movable contact, to energize the coil 5a of the 
magnet switch 5, whereby the magnet switch 5, which is a 
normally open movable contact, is turned on. 

Another current passing circuit is connected to the low 
voltage power source 1 via the key switch 7 and the second 
starter relay 9. When the coil 9a of the second starter relay 
9 is energized by a starting control unit 10 (hereinafter 
referred to as a starting ECU to be described below) in the 
state where the key switch 7 is connected to an ON terminal 7b, 
the second starter relay 9 of a normally movable contact is 
turned on to energize the coil 5a of the magnet switch 5, 
whereby the magnet switch 5, a normally open movable contact, 
is turned on. The change-over switch 6 switches the power 
source for passing the current through the starter motor 4 to 
the low voltage power source 1 or the high voltage power source 
2 while the passage of current through the coil 6a of the 
change-over switch 6 is controlled by the starting ECU 10. 

In this connection, when the coil 6a of the change-over 
switch 6 is turned off, the change-over switch 6 is connected 
to the low voltage power source 1 (see the state in FIG. 1), 
and when the coil 6a of the change-over switch 6 is turned on, 
the change-over switch 6 is connected to the high voltage power 
source 2. The starting ECU 10 controls the second starter 
relay 9 and the change-over switch 6 and is operated when the 
engine is started from the state where the vehicle is stopped 
and waiting at a signal, for instance. 



To be more specific, when the starting ECU 10 receives 
"an automatic starting signal" (an on-signal to a predetermined 
port) from an engine control unit 11 (hereinafter referred to 
as an ECU for the engine), it switches the change-over switch 6 
to the high voltage power source 2 side while it receives the 
automatic starting signal and turns on the second starter relay 
9 and passes current through the starter motor 4. 

The ECU 11 for the engine has a control section of the 
engine automatic stop and start system for automatically 
stopping the engine when the accelerator is released and the 
brake pedal is pressed to stop the vehicle and for starting the 
engine before the brake is completely released. The ECU 11 for 
the engine is provided to output the above-mentioned automatic 
starting signal to the starting ECU 10 in order to start the 
engine from the state where the vehicle is stopped by the 
engine automatic stop and start system. 

Next, control by the starting ECU 10 will be described 
based on the flow chart shown in FIG. 2. First, the starting 
ECU 10 determines whether or not the key switch 7 is connected 
to the ON terminal 7b (step SI). When the result of this 
determination is NO, the procedure returns to repeat the 
determination (step SI), and when the result of this 
determination is YES, the starting ECU 10 determines whether or 
not the automatic starting signal is received from the ECU 11 
of the engine (step S2). When the result of this determination 
is NO, the procedure is returned to step Si. 

When the determination result of the step S2 is YES, that 
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is, when the ECU 11 for the engine sends the automatic starting 
signal, the starting ECU 10 starts the starter 3 by the high 
voltage power source 2. In other words, the starting ECU 10 
passes current through the coil 6a of the change-over switch 6 
5 to switch from the low voltage power source 1 to the high 
voltage power source 2 (step S3) to pass current through the 
coil 9a of the second starter relay 9 (step S4 ) * Then, the 
magnet switch 5 is turned on to connect the high voltage power 
source 2 to the starter motor 4, whereby high voltage is 

10 applied to the starter motor 4. 

S3 

J3 Next, the starting ECU 10 determines whether the 

£ automatic starting signal sent from the ECU 11 of the engine is 

3 !? turned off or not (step S5). In other words, the starting ECU 
10 determines whether or not the engine is started by the start 

i-j- , 

US of the starter motor 4 and the number of revolutions N of the 

rlf 

til engine is made larger than a predetermined number of 

5 !! 

"raw 

M< revolutions NO (N > NO) and the ECU 11 of the engine stops 
sending the automatic starting signal. When the result of this 
determination is NO, the engine has not finished starting, so 

20 the procedure returns to step S5. 

When the determination result of step S5 is YES, that is, 
when the engine is started, the starting ECU 10 stops the 
operation of the starter 3. In other words, the starting ECU 
10 stops passing current through the coil 9a of the second 

25 starter relay 9 (step S6) and stops passing current through the 
coil 6a of the second starter relay 6 to switch from the high 
voltage power source 2 to the low voltage power source 1 (step 
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S7). Then, the magnet switch 5 is turned off to stop passing 
current through the starter motor 4 , whereby the operation of 
the starter 3 is stopped* 

The following is an explanation of the invention in 
greater detail. When a vehicle occupant starts the engine, 
the key switch 7 is connected to the starter terminal 7a. 
Then, the first starter relay 8 is turned on and engages the 
magnet switch 5. At this time, the starting ECU 10 does not 
pass current through the coil 6a of the change-over switch 6 
and the change-over switch 6 is set to the low voltage power 
source 1 and the low voltage is applied to the starter motor 4 . 
When the engine is started, the key switch 7 switches from the 
starter terminal 7a to the ON terminal 7b. Then, the first 
starter relay 8 is turned off which turns off the magnet switch 
5, causing the passage of current through the starter motor 4 
to stop. 

When the vehicle is stopped and waiting for a traffic 
signal or the like, the engine is stopped by the engine 
automatic stop and start system mounted on the ECU 11 of the 
engine. When the vehicle starts from a stopped state, the ECU 
11 of the engine outputs the automatic starting signal to the 
starting ECU 10 in order to start the engine with the starter 
3. Then, the change-over switch 6 switches to the high voltage 
power source 2 by the action of the starting ECU 10 which turns 
on the second starter relay 9 which turns on the magnet switch 
5. Then, high voltage of the high voltage power source 2 is 
applied to the starter motor 4 . 

10 



When the engine is started and the number of revolutions 
increases over a predetermined number of revolutions, the ECU 
11 of the engine stops the output of the automatic starting 
signal. Then, the starting ECU 10 switches the change-over 
5 switch 6 to the low voltage power source 1 and turns off the 
second starter relay 9 to turn off the magnet switch 5, thereby 
stopping the passage of current through the starter motor 4. 

The effect of that described above will now be detailed. 
When the vehicle is started by the engine automatic start and 
10 stop system, the starter motor 4 is operated by the high 
voltage power source 2. When the vehicle is started in this 
manner, the engine is already warmed up and hence when the high 
voltage is applied to the starter motor 4, the engine will 
rotate at high speeds. Since the engine is rotated at high 
speeds in this manner, the engine starts quickly. As a result, 
it is possible to shorten the starting time of the vehicle when 
at a signal thus preventing the stress applied to a vehicle 
occupant (usually caused by a long start time) and also 
preventing any traffic congestion from being caused by the 
20 engine automatic start and stop system. 

Further, when the vehicle is started by the engine 
automatic start and stop system, the starter motor 4 is 
operated by the high voltage power source 2 which has an 
excellent charging efficiency and hence the power consumed by 
25 the operation of the starter 3 when a car is started from a 
stop can be effectively compensated, in other words, when the 
starter 3 is operated only by the low voltage power source 1, 
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the consumed power needs to be compensated for because the low 
voltage power source 1 has a low charging efficiency and hence 
the energy loss is made very large by an increase in the rate 
of operation of the starter by the engine automatic start and 
5 stop system* However, in the engine automatic start and stop 
system of the present invention, the starter motor 4 is 
operated by the electric power of the high voltage power source 
2 having a high charging efficiency and hence the consumed 
electric power is effectively compensated for by the generator. 
10 As a result, it is possible to greatly reduce the energy loss 

y|3i and improve fuel consumption, 

■CI [Second Embodiment] 

^ FIG, 3 is a second embodiment of a current passing 

%M1 circuit of a vehicle starting system. Here, the reference 

VjE 

lis characters of FIG. 3 that are the same as those of the first 

ffliiSSSIi. 

m 

M embodiment shown in FIG. 1, designate the same functional 

1 i' 

■lr-lHrtli) 

parts. Continuing with the second embodiment, the first starter 
relay 8 and the second starter relay 9 shown in the first 
embodiment of FIG. 1, are made a common starter relay 12. The 

20 coil 12a of the common starter relay 12 is energized by a 
starting ECU 10 that receives an automatic starting signal when 
a key switch 7 is set to a starting position and when the coil 
12a is energized. When the coil 12a is energized, the starter 
relay 12 turns on and a magnet switch 5, also turns on. 

25 Continuing with the second embodiment, the current 

passing circuit of the coil 5a of the magnet switch 5 has a 
unit 13 for suppressing the amount of current passing through 
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the coil 5a. The unit 13 for suppressing the amount of 



current varies the duty factor of the coil 5a of the magnet 
switch 5 by a PWM control, or the like, and includes a 
semiconductor switching device for continuing or discontinuing 
5 the passage of current through the coil 5a, an oscillator for 
turning on or off the switching device by a predetermined pulse 
signal, and a variable unit for varying the on-time of the 
switching device. 

By providing the current passing circuit of the coil 5a 
10 of the magnet switch 5 with the unit 13 for suppressing the 

n m' 

# amount of the current, the magnet switch 5 slowly makes contact 

j|f with a contact. This may prevent the magnet switch 5 from 

!j3j bouncing against the contact and hence an arc from being 

Iff 

^ generated at the contact to which high voltage is applied. As 

5 I! 

.1 

|J5 a result, it is possible to prevent the contact of the magnet 

fill ■ • ' 

Ui switch 5 from becoming broken or welded thereby yielding an 

8 i< 

f*i> improvement in the reliability of the magnet switch 5. 
Further, since the bounce of the magnet switch 5 is prevented, 
it is possible to prevent the occurrence of noise generated by 

20 a bounce and subsequent contact. 
[Modified Embodiment] 

While the embodiment in which the change-over switch 6 is 
provided inside the starter 3 has been described in the above 
embodiments, the change-over switch 6 may be provided outside 

25 the starter 3 . The circuit configuration of the starter 3 
shown in the above embodiments is one example for describing 
the embodiment. However, the description of the invention is 
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merely exemplary in nature and, thus, variations that do not 
depart from the gist of the invention are intended to be within 
the scope of the invention. Such variations are not to be 
regarded as a departure from the spirit and scope of the 
invention . 



